Abstract : This study presents a new method called the SPMP (Semi-automatic profile measuring program) to efficiently measure body shape in elderly women. SPMP can automatically measure the angle of axis (19 items), surface (17 items), lengths (14 items), heights (16 items), widths (13 items), and depth (6 items). In total these 85 items are automatically measured very quickly, accurately, and easily after manually marking an initial 36 points. The utility of SPMP was evaluated using several tests. When SPMP measuring results were compared with manual methods (using a ruler and protractor) in thirteen elderly women using a paired t-test, there was no significant difference found between them. Furthermore, when measurements from SPMP were compared with actual measurement results in selected items from seven elderly women's measurements, smaller mean differences were found than those defined by ISO 20685, with the exception of the abdominal area which moves easily with breathing. Seven independent measurements of a single elderly woman were made by seven students using SPMP, and the values of coefficient of variation were less than 5% for all but 8 items. Finally, this study analyzed the correlation of all 85 item measurements, and found that the angle from the upper chest to the neck towards the front in the axis curved forward as much as the axis angle from the thigh to the waist (r=-0.876, **p<0.01) bent backwards in elderly women. This detailed analysis helps to understand age-related changes in body posture, and will be useful in future studies.
Introduction
Clothes are made for the body. In order to make clothes for elderly women, it is important to understand their body shape. The challenge in making comfortable clothes for elderly women is that each of them have different types of body shapes, and their body structures continuously change depending on living environments and life styles.
The profile of the body silhouette can help us to estimate body shape, such as the volume of darts and fit between clothes and areas of the body, e.g. the shoulders, armholes, and waist. Studies on the profile of body silhouettes (Miyoshi & Nagatomi, 1993; Nam, 1991; Okabe & Kurokawa, 2005a; Okabe & Kurokawa, 2005b; Sugita et al., 2001; Takao, 1970; Yanagisawa et al., 1968) have been carried out to understand variation in body shape. However, in most cases, researchers studied only young women and not elderly women.
Some studies of body shape in elderly women have attempted to analyze body size data (Shiraishi & Doi, 1982; Watanabe et al., 1999) ; however, these studies were limited to only surface angle at the back area, and not the entire body silhouette.
Until now, there has been no specific method of measurement or calculation for the profile of body silhouettes of elderly women.
Instead, only studies about the entire body silhouette for elderly women (Igarashi & Makabe, 2001; Iwasaki et al., 1997 ) have been explored. These studies applied calculation methods used in measurements of young women, but these may not be appropriate because the bodies of elderly women have different body silhouettes compared to young women, such as greater curvature of the back.
One other study for elderly women has divided the body in other way, that is, from the ankle to the neck and from the waist to the most protruding point at back upper body, etc (Hirokawa, 2008) .
However, many different shapes, so that the back of the body and the lower body may curve forward or backward and weight may gain or lose with age. Therefore it needs detail measuring.
In order to understand elderly women's bodies, we need a detailed way to measure them using the profile of the body silhouette. For example, 1) in analyzing elderly women's contoured upper back shape and lower body, it is helpful to study the divisions of the body axis standard in greater detail. 2) The waist †Corresponding author; Taeko Hirokawa Tel. +82-3-3299-2278 , Fax. +82-3-3299-2278 measurement of elderly women is usually measured based on the waist of a young woman. Therefore, it appears too high (close to the bust) for elderly women as weight changes with age, especially weight gain around the abdomen (Oh, 2010) .
In this study, the 'Semi-automatic profile measuring program (SPMP)' is developed to provide a device for more specific body measurement, particularly in elderly women. SPMP is programmed in Visual C#. Since it is not fully automatic, in order to measure an elderly woman's body using SPMP, 36 points are first marked directly on the profile of the body silhouette photo by the user (Oh, 2010) . SPMP then uses these points to automatically calculate each of 85 measurement items. Although it is semi automatic, this method allows measurements to be made more quickly, accurately, and easily for elderly women than previous measuring devices which were more time consuming and relied on manual methods (e.g., by ruler and protractor).
Method

Picking marking points on the photo
Firstly, this paper suggests body factor points for processing by the computer program. In order to be used by the SPMP program, body measurement points first need to be defined on the silhouette by the user. Measurement points are described on the profile of body silhouette drawing below (Fig. 1) , focusing on those used for elderly women's measurements. This study suggests mainly, 1) FCP(9), BCP(10), MCP(38) in the chest area for measuring the upper body's axis angle.
2) AAP(7), PAP (8) 
Choosing measurement items for elderly women
Until now, the profile of body silhouette measurements for elderly women had not been defined and the same measurements were used as in young women. However, this study suggests a total of 85 measurement items for elderly women including Body Axis angle (19 items), Body Surface angle (17), Length (14) , Height (16), Width (13) and Depth (6), described in detail below.
First, the division of the body axis angles to incorporate both elderly women's contoured upper body shape and lower body is necessary. In this study, the upper body axis is divided into two parts at the chest and the lower body axis is divided at the crotch and the knee. The body is further divided into 5 parts to more accurately measure bodies of elderly women, e.g., from the neck area to the chest, from the chest to the waist, from the waist to the crotch, from the crotch to the knee, and from the knee to the ankle. Secondly, to understand the shape of elderly women who are usually obese around the waist, a new measurement for the waist lines of elderly women is needed. It can be measured at 3 separate positions at the waist as below.
① The horizontal line at the deepest back portion of the waist, (Nakamoto & Miyoshi, 1980 ) ② the horizontal line at the right side of the slender waist (Miyoshi, 2008) , and ③ the self declared waist line by fastening a belt (This belt waist position is not horizontal. This is the line from the front belt waist point to the back).
This new study tries to measure using the method at the self declared waist line.
Developing a Semi-automatic Profile Measuring Program (SPMP)
In order to measure elderly women's measurement items (Fig.   2~5 , Tables 1~4) using the profile of the body silhouette, a Semi- Express was developed that is quicker and easier than previous methods. It is straightforward to construct an application on Visual C# and insert photos into the program.
For using any size photo through SPMP, the object's length needs to be measured on the photo by comparing with an actual measurement before operating SPMP. Therefore, it needs to be compared and verified with the measurements of the real body silhouette. The ratio of reduction between the photo and actual measurement needs to be confirmed.
The difference in lengths between direct measurement and photography were verified with the below experiment, which was carried out with a ruler. Photos were taken of rulers including one vertical (150 cm) and four horizontal (35 cm each) for comparison.
Four horizontal 35 cm rulers were placed at the points at 0 cm, 50 cm, 100 cm, 150 cm, on a 150 cm long vertical ruler (Fig. 6) . Silhouette photos of each participant were taken using the 'Silhouetter System -100'(Sakai Tokusyu Camera). This camera has two lenses: one on the top and one at the bottom of the box, taking pictures simultaneously which are then combined into a single image using computer software. This method helps to reduce errors and can be photographed close to the actual body silhouette measure (Nagatomi & Saito, 2003) . The corresponding measurements of the 85 items on 13 elderly women's profile of body silhouettes using both SPMP and a manual method (by ruler and protractor)
were analyzed and a paired t-test was used to verify the differences between these two methods. In order to help students accurately mark points, vertical and horizontal guide lines were drawn on the photo at the most protruding point and the main parts of the body (e.g. along the FNP, the FWP, etc), indicated by black triangular stickers on the body.
The students' measuring results were analyzed by calculating arithmetical average, standard deviation and coefficient of variation. 
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back points can be accurately and easily obtained for the axis angle (Fig. 7 ). an Excel spreadsheet. The output file can be saved and reloaded for future viewing. Also, after determining the ratio between the actual measurement and its photo, the ratio is recorded in the black column next to the measurement button.
Output of using SPMP
Until now, profile of body silhouettes have been measured manually by photographs using the manual method (with a ruler and protractor), thus requiring a large investment of time and effort. But the SPMP method produced in Visual C# (Ikeya et al., 2011) , helps to make measurements quickly, accurately, and easily just by marking points, producing results nearly 10 times faster than the manual method (Fig. 9) . Particularly, it can measure 85 items including body axis and surface angles, lengths, heights, widths and depths by marking only 36 points on the profile of body silhouette of elderly women.
Verification of SPMP by Comparing values
Comparison of the value between SPMP and manual method
To verify the different results of measurements by SPMP and the conventional manual method (using a ruler and protractor), results of each method for thirteen elderly women were examined with a paired t-test. The paired t-test did not indicate any significant difference between the two methods in any measurement items for elderly women. However, the using of the manual method to measure 85 items took more than one hour compared to 10 minutes with SPMP, confirming SPMP's effectiveness to make measurements quickly and easily.
Comparison of the value between SPMP and Actual measurements
To confirm the difference between SPMP and the actual mea- surement results, this study compared the results of the measurements of some items in the profile of body silhouettes of 7 elderly women as outlined below in Table 5 . 
Comparison of the results of SPMP by different users
In order to demonstrate that SPMP is an accurate and reliable measurement program for the profile of body silhouettes, seven students majoring in clothing and textiles were selected to test usage and efficiency of the program. The seven students measured the same elderly woman using SPMP within 20 minutes for all 85 items.
After the seven students used SPMP, most values of coefficient of variation from all items were less than 5%, except 8 items as shown in Table 6 . For the FDP (point of tangent line from front waist point to front upper body) area, there is no guide line for the surface angle. Therefore most students marked highly different contact points. It is assumed that each student imagined a different location for the contact point without a guide line. Also, the most protruding points (凸) of the body such as F凸P, B凸P, PH凸P and BH 凸 P areas are drawn using vertical guide lines. However, the elderly woman's body has a shallow curve at each point. Therefore the most protruding points and guide line's contact areas could not be picked up sharply at the same place by each student. It shows that students marked points using their individual experience, knowledge, and sense. angle. Therefore, the best way to measure the curvature of the back of elderly women is by using the measurement of the angle between the chest and the side neck point, which is not affected by the waist. Furthermore ⑩ ∠ McSn has a higher negative correlation in the lower body axis angle with two items, including ⑮ ∠ MtMw, from thigh to waist(r=-0.876, **p<0.01) (Fig. 11) , and ⑦ ∠ MaMw, from ankle to waist(r=-0.680, *p<0.05). This indicates that the upper body of elderly women is curved to the front and the lower body is also curved backwards. However, it is still necessary to confirm this result in future studies with more subjects. heights (16 items), widths (13 items), and depth (6 items). In total these 85 items are automatically measured very quickly, accurately, and easily after manually marking the initial 36 points.
We evaluated the suitability of SPMP for a total 85 items, comparing SPMP measuring results with manual methods (using a ruler and protractor) in thirteen elderly women with a paired t-test, and did not find a significant difference between them. When we compared the mean difference between SPMP and Actual measurement results in selected items from seven elderly women's measurements, besides the abdominal area which moves easily with breathing, we found smaller mean differences than those defined by ISO 20685. In order to investigate the effect of different individuals using SPMP, seven independent measurements of a single elderly woman were made by seven students using SPMP,
and the values of coefficient of variation were less than 5% for all but 8 items. The results of this experiment show that in order to minimize differences in measurements between individuals, it is necessary to define the marking points of elderly women's bodies with greater objectivity and detail.
Finally, in order to understand the body posture of elderly women, we analyzed the correlation of all 85 items measurements, and found that the angle from the upper chest to the neck towards the front in the axis curved forward as much as the axis angle from the thigh to the waist (r=-0.876, **p<0.01)and the angle from the ankle to the waist (r=-0.680, *p<0.05) bent backwards. This detailed analysis for elderly women's profile of body silhouette measurements will help to understand age-related changes in body posture in future studies.
